The current issue of the Central European Journal of Mathematics is the second of a two-part topical collection of papers devoted to recent advances in Numerical Methods for Large-Scale Scientific Computing. This issue contains 11 papers presenting theoretical and computational results with contributions from numerical scientists from Bulgaria, Czech Republic, Denmark, France, Germany, Hungary, Russia, Saudi Arabia, Sweden, and the USA.
Many complex problems arising in different fields of science and engineering can be successfully studied by applying large-scale mathematical models. The following are among the crucial issues when solving such problems: (i) robust numerical methods have to be developed in order to approximate the related partial differential equations (PDEs); (ii) scalable solution methods for the related discrete systems of equations are needed; (iii) the reliability of the produced numerical results has to be investigated. This special issue is mostly concerned with the efficient solution of problems related to the first task. However, some advanced results belonging to the other two tasks are also included. A brief overview of the selected papers is given below.
The first section contains new basic results in advanced numerical methods for PDEs. They are mostly related to some general approaches for analysis and solving of nonlinear problems. Given a nonlinear autonomous system of ordinary or partial differential equations that has at least local existence and uniqueness, Neuberger, Neuberger and Swift offer a linear condition necessary and sufficient for the existence to be global. The paper is mostly concerned with numerically testing this condition. A new class of waves in an open nonlinear heat-conducting medium is studied in the paper by Dimova, Dimova and Vasileva. All possible structures, which may arise and preserve themselves, are found. New self-similar blowup solutions are constructed numerically and their stability is investigated. The article by Ersoy, Golay and Yushchenko presents a 1D adaptive numerical scheme for hyperbolic conservation laws based on the numerical density of entropy production. The efficiency of the scheme is numerically investigated through the following test cases: Sod's shock tube problem, Lax's shock tube problem and the Shu-Osher test problem. Ladics and Faragó have studied the properties of iterative splitting algorithms generalizing some previous results to the case of more than two bounded operators. A classification of a class of such methods with respect to the order of accuracy is presented. Higher order fundamental solutions, nearly fundamental solutions and special fundamental solutions are studied in the paper by Gáspár. The goal is to avoid some problems due to the singularities. The accuracy of the approximations and the condition number of the related matrices are illustrated via numerical examples.
The second section is mostly related to finite element methods (FEMs) including error analysis, a posteriori estimates of adaptive refinement strategies, discrete analogues of certain conservation laws, etc. The paper by Axelsson and Karátson provides a brief survey about the application of harmonic averages in the numerical solution of various variable coefficient PDEs. It is shown that local Green's functions used as test functions in the Petrov-Galerkin finite element method combined with harmonic averages are related to exact finite difference schemes. Bochev and Peterson have proposed a new finite element approximation of advection-diffusion problems, based on properties of compatible finite element spaces. The parameter-free stabilized method is derived using the solution of a simplified one-dimensional version of the governing equations on the edges. The robustness and accuracy are confirmed by representative numerical tests. The paper by Kuzmin and Schieweck presents a parameter-free postprocessing technique for estimating the local regularity of numerical solutions in high-resolution finite element schemes. A 2D convection equation discretized with bilinear finite elements is considered as a model problem. The discrete maximum principle is enforced using a linearized flux-corrected transport algorithm. The paper by Koshev and Beilina deals with a posteriori estimates of adaptive finite element methods for Fredholm integral equations of the first kind. The presented results are applied both to problems of computationally simulated and experimental backscattered data measured in microtomography.
The third section is concerned with advanced numerical methods in mathematical modeling, including large-scale scientific computing of environmental and life science problems as well as scalable methods and algorithms for efficient solutions of the arising discrete problems. Zlatev and Georgiev have analyzed the behavior of preconditioners utilizing approximate LU-factorizations. The reported computational experiments are based on comprehensive comparisons of a big set of numerical results that are obtained by using ten well-known iterative methods for solving systems of linear algebraic equations. The paper by Dimov, Georgieva, Ostromski and Zlatev presents a systematic procedure for sensitivity analysis of a case study in the area of air pollution modeling. The efficiency of various variance reduction techniques for computing small indices is studied. It is shown that the correlated sampling technique for small sensitivity indices gives reliable results for the full set of indices.
The editors would like to thank the authors of all articles in this issue for their valuable contribution. The work of the involved high-quality reviewers is also very appreciated.
